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BY HYDRODmAMIcTHEORY

BY Mergeret F. Steiner

EREDIC?I!EO

A lending investigationwas conducted with a flying boat having a
conventional configgzratim to detemine the applicability of hydrodynamic
impact theory h defhing ftill+cale water tmpact loads.

The loads and displacements obtained ti landings of a full-scsle
flying boat in smooth water in which little rotation in pitch occurred
and in which only the V+hape portion of the foretmdy was tivolved were
in good qyeament with ccmputed values based on general hydrodynamic
impact theory.

121the majority of the normel lantings, the chties were _rsed in
the free water surface at the thne of maxtmm load. Because of the
lower dead rise on the curved-chine region, the local presmres on that
region were considerably higher than on the main plathg, which had an
angle of dead rise of 20°. The resultant maximum loads for all cases of
chine hnersion were about 60 percent greater than those ccmputed for a
%shape prismatic body having an angle of dead ris6 of 20° tith no
allmmlc e being made for trmmerse curvature near the chhes.

W those impacts in which the aircraft rotated to a lower trim with
a fairly large angular velocity, the experimental loads in the early
portion of the impact in which only the V-shape portion of the forebcdy
was involved were considerably less than the ccmputed loads, but there
was no correspandimg reductim in msximm load. “

The wetted semibeam was found to be approximately 40 percent greater
than the semibeam in the plane of level water.

INTRODUCTION

h an endeavor to predict adequately the values of huU load to be
used in the desigu of modern water+ased aircraft, a hydrodynamic tipact
theory (references1 to k) has been developed and verified with data
from controlled hpad+basin tests for a V-shape primatic body entering
the water with fixed trim for a wide range of angles of trfi, dead rise,
and flight path.
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FILght tests of an amphibian-we flylng boat were made in order
to detemine the applicability .ofthe theory to the case of the conventicmel
U-scale airplane. LenMngs were made in calm water for a range of
engles of trim and flight path as wide as ~ticable.

The measured resultant loads and displacements are cmpared with
those computed cm the ?meis of the hpact theory and generel observations
are made about certdn measured quantities such as wing lift. Ho
attempt is made to detemine cpantitatively the effects of all the
factors that deviate from the shgilified case of the hmersing wedge
which was used ti the derivatim of the impact theory. The effects of
variation of trim during @pot and transverse curvature near the chtie
are dit3cu.8sf3&.

The measured wetted widths are compared with the width of the float
h the @z3m3 of level water and the ratio af these two quantities is
compared with the effective growth ti learnwhich has been discussed in
previous papers concermlng the hydrodynamic impaot theory.
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impact load factor normal to

time after contact, seconds

0

()d2y/dt2water surface —
g

horizontal velocity of seaplane relative to water, feet
per second

vertical velocity of step relative to water, feet per second

weight of seaplane, pounds

drtit normal to water surface, feet

pemtraticm of a given station, normal.to keel

(
dead-rise correction to water mass — – 1; j3 expressed in

2;
Hdim)

)

(end-loss correction to total hydrodynamic load 1 –
t~ T

2tanp )

angle of dead rise, degrees

flight~ath angle, degrees
(=-’3

ap~oach parameter

63”~ pomd+ec~s2mass density of water,
32.17

trhn, degrees

trti at time of maximm load, degrees

pitching velocity, degrees per second.

per foot4

Subscripts:

A pertaining to instsnt at which water line reached curved–
chine regim

D. pertaj-g to instemt at which water line reached ctie

F pertaining to instsmt at which water line intersected keel in
plane LL’ (See appendix B.)

max

o at t~ of water contact
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The airplene used b the hydrodynamic load investigation was the
amphibian+yp flying boat yictured in figure 1. Pertinent inform&ion
about the airplane is given in table I and the hull Mnes are shown ti
figure 2.

Exlx3nsivetmtrmentaticm was amployed to obtain trim, vertical
velocity, horizantel velocity, acceleration at tie center of gravity,
wetted bottom a?ea, end local water ~esmres m the hull bottom.

The relative locatiau of the hstmmentation h the fQclng boat
used in the investigation of the over-all load is shown in figure 3.
The specif3c locations are given W tables II, IIX, end IV.

The horizontal component of the speed of the airplane relative to
the water was detezzuinedtiom measuranents of the hydrodynamic head with
an Wductiv&type watez-speed pressure -e which was mounted at the same
level as the keel near the forebcdy step as shown b figure k(a). The
airspeed, which is of hell in defin@ the t~e of approach, was obtained
with en I?ACAairspeed recorder mounted above the pilot’s cmpartmmt as
shown h figure 4(%). The time history of the trim was obtained with a
~oscopic recorder which was mounted in the floor of the cabin as shown
,,tifigure 4(c).

The vertical velocity of the forebdy step relative to the water
surface at thm of contact with the water was the most difficult variable “
to masure. A small l&millWter motion-picture camera was mounted near
the tip of the w3ng, as shown in figure k(d), so that it was focused on
the region around the forebody step where a retractable rod.3 feet in
length (vertical-cW3placementindicator) was installed.as shown in
figure 4(e). The exact procedure followed in obtaining the vertfcal
velocity through the use of these devices is explained in appendix A.

The acceleration of the center of gravity measured normal to the
keel was obtained with two accelerometers. One was en NACA opticeiL–
recording three-component accelerometer having a natural frequency of
the vertical campcnent of about 19 cycles per second. The second
tistrument was an ind.uctiv*type accelerometer having a natural &equency
of about 40 cycles per secti. Both accelerometers were mounted
rigidly near the center of ‘gravityas shown in figure 4(f).

The wetted bottom areas were detemined by the @spection of
records dhawlng the of imaersia of various pressure gages end “water
contacts which were located along the bo~a as shown h figure 5.
The flush-mounted diaphragm of two presmire gages may be seen in
figure 4(a). Tne water contacts, which are not shown in this figure,
were mall spark @ugs which were a&pted so as to cause a smill
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nem bulb to light when water passed over a plug and closed the electric
circuit through each plug. The wetted lengths used in conjunction with
the correspandtig tistantaneousvalues of trim provided the time history
of the vertical displacement of the step below level water.

The amplifying and recording equipment used with the pressure gages,
the inductiv-type accelermneter, the NACA airspeed recorder, the water-
speed pressure gage, and the frame counter for the wing camera is shown
in figure ‘6.

I?FUK!ISIONOF ~

The following m.lues we
data based on both hstrummt

Vh, percent . . . . . . . . .

VT, percent . . . . . . ..O
T,de~eeB . . . . . . . . .
nfw, percent . .“. . . . . .

y, feet . . . . . . . . . .

esttited accuracies of reported eqer-tal
and reading error:

. . . . . . . . ., .*.. . . . . . *4

. . . . . . . . ...0 ● . . . . . . +J_O

.* .*.. ● . ...* . . . . . . . +0.25

. . ...0 .. 0.0. . ...0. . 4+.0

. . . .. . . . . . . . . . ...0. . 44.03
Wing lift, multiples of airplane weight . . . . . . . . . . . . . . M3.05
Pressure, pounds persquere inch . . . . . . . . . . . . . . . ..=

TECEORYAND METHOD OF JYFHXCATION

Tmqact Theory
o

The loads on V+ottom seaplanes have been analyzed for simplified’
conditions in references 1 and 2. b these references it was assumed that:
(a) the trim remained fixed, (b) the prismatic V-section was sufficiently
long so that the pulled+q+mw region, which is indicated in figure 2,
did not enter the water, end (c) the wing lift was eqpal to the weight of
the airplane. With these assumptims it was shown that the loads and
motion of the seaplane could be represented in generalized form by mems
of the foll.owingdimensicmless variables:

Load-factor coefficient .

. .. ___ --,-.. . ——— -— —.. _._. ,_. — -.—— ,——. ———...—.--. —. - -—— —
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Draft coefficient

,d=&PJmd.J’3
!!21mecoefficient

These nondimensional coefficients
other at all instants during an impact

.

were shuwn to be related to each
by the approach psmmeter K,

which is dependent upon the initial ctitims of trim and flight path,

where rc=
Sin T COS(T + 7.)

. For a given value of tc,the variatian of
Sm 70

each of these coefficients with any other was represented by a single
cue. The ~iations of Cd and Cz ~fi ~, as taken frolllreference

are shown h figure 7. Thus, for any angle of dead rise, angle of trim,
or vertical velocity, @acts having the same value of K were shown to
Mve time histories which were mathematically similar. Each value of K ,
however, identifies a different t~story shape. The absolute values
of draft, time, and acceleration, which may be obtained fra the dimensim-
less coefficients, are iLependentupon the gemetric properties of the
seaplane, the weight, the hitial vertical velocity, and so forth.

It was also shown that variatian of the marlmum values of the lcad-
factor coefficient tith the approach parameter K could be represented by
a single theoretical curve and that &Ll eqerhental data for the condi–
tions which were represented in impact+ms~ tests lay along this curve
for a tide range of test conditions. This curve is the heavy-line curve
in figure 8.

Application of Theory to Flight Data

The cross section of the hull bottan as shown in the line drawing
of figure 2 was a V-section at the keel wLth transverse curvature near
the ctie. ~ the trea+mmnt of transverse curvature of a scalloped-
bottom float which was presmted in reference 3, a theoretical method

was presented for calculating the loads on curved bottans. However,

.

>
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it was felt that the
transverse curvature

additiomd complexity introduced by cmsideration of
was not warranted in the presemt investigation. M

a result, the effects of chine flare on the madmum total loa& axe
neglected and a constant dead~ise angle of 20° is used throughout the
e31alysiEl. ti addition, the beam is assumed to be infinitely large, so
that the chine is not considered to be imnersed.

Water PU*

One factor that is of titerest in the application of the theory to
the actual seaplane is the transverse water pile=up that appears in the
case of an *rslng float. Tn reference 2, which is concerned with a
straight+ide Vbottam, this pile+zp was interpreted as being an effec–
tive growth in width in which the wetted width 2C was equal to the

L

product of the ratio ~ and the beam in the plane of level water.

The determination of the actual pile-q is desired in that it defines ●

the erea upon which the load acts. The actual growth of tidth which was
obtained by analyzing the measured wetted areas is compared h the
section entitled llMeasuredWater Pile+~ with the effective growth as
indicated by the theoretical impact eqwti~. The coqarison is
arbitrarily made on the basis of depth dimensionE rather than width.

‘DISrPmxmmRE

Landings were made in calm water and the measured approach variables
at time of water contact for the @acts amlyzed h this report are
given la table V. As noted in the last column, these tmpacts were
frequently the second or third tmpact durhg a lan&Lng.

The cente~f~vity accelerations measured with the I?ACAoptical–
recording%hree-ccmqmnmt accelerometer are given as faired values h
figure 9; the actual record had oscKLatias shilar to those recorded by
the tiductiv+t~e accelerometer..The acceleration value at time of
forebody cmtact was used as a reference, and any subsequent variatim
from that value was titerpreted as leing due to the water load.

RESOU?S AND DISCUSSION

The data are ~resented fi the form of maximum nondimensional load—
factor coefficients which very with the approach parameter K as
shown b figure 8. The corresponMng values of the variable used in
comput~ the maximum load-factor coefficiats for the actual impacts

— . . —- —.—... ...T..____ .._—___ .. . ____ _____ ..+_-.- ——— — —.——. .—-
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me given in table KC. The data are assorted as to type of hnpact;
that is, whether only the V+hape portion of forebody is tivolved,
whether the ctie is inmersed, or whether the bow region or the afteb
body is involved.

Typical time histories of exper~tel loads and drafts as
compared with computed t5me histories based on figure 7 are given in
figure 9. .

The a~oxhzte instant of how _rsion, chine bmersion, and
so forth are indicated by letters on the figures as follows:

A water @le+zp reaches c~ed+hine

B ptied+puw region enters water;

c level water passes chine; y = 1.17

mea; y = 7A = 0.73 feet .

wetted length is 156 inches

feet

‘D water pil~p reaches chine; y . yD = 0.9 feet

E petit of application of force reaction is under center of gravity

me ~dues of yA and yD which are listed are based on the

relationship between actual &eft end the wetted depth which was
detezmdned by the method explained h appendix B. The water pile-ups
as detemined for a numiberof impacts for which aocurate wetted areas
were avdlable are listed ti table KU.

C!lxlneabove Uvel Water at Time of Peak bad

5e first results whicliare discussed are those from impacts
which modt nearly represented the shplified case upon which the theory
is based; nsme~, forebody impacts h which cmly the prismatic portion
was tivolved at t- of peak hydro@namic load. Such impacts are
represented in figure 8 by the circles. Good agreement bet aen experi-
mental points and the theoretical curve for the meximm load factor
exists for this conditim. This agreement is further ULus mated by
the timb histories of the experimental and computed loads (figs. 9(a)
and 9(b)) for two tmpacts in which the maxiunm load factor was reached
prior to chine imnersion. The thne histories, for most impacts, show
that the experimental values of the load are sli@Kly less than the
computed values h the early stages of the impacts. This difference
can probably be attributed largely to the fact that the trim of the
airplane decreased dur~ the impact. The effect of the variation of
trtm on the loads is discussed in detail.in a subsequent section.

.,

.
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Chine Ihmersed at Time of J?eakLoad

Regim of forebaiy ha- constant cross section lmvolved.— Althou@
most of the landings were comparatively light (see table VI), it was
observed that the cldm.eusually beceme immersed prior to time of peak
load. During some impacts of this t~e acilythe portion of the forebody
having ccmstant cross section was involved at time of peak load. Such
impacts ere represented in figure 8 by the squemes tithout flags. @acts
in which the afterbody was tivolved,at time of forebody contact but was
not tivolved at time of peak load ere represented in figure 8 by squares
having flags.

For impact: of these types the ~ experimental loads are always
greater than the computed loads, the approximate mean of experimental
values (as indicated by the dash-line curve) being about 60 percent
higher than the theoretical curve. The time histories given in figures 9(c),
9(e), 9(g), 9(h), and 9(i) ~OW that the experimental and computed loads
were h good agreement until the water ltie reached the curved-chtie
region. After this t-, the reactian moved forward of the center of
gravity and the load increased.end exceeded the correspaudhg computed
values based on a V-shape cross section with no transverse curvature.
TMs increase in load is attributed principally to the high local pressures
(due to the lower local dead rise) on the curved-chine regicm; these
pressures exceed those on the adjacent region nearer the keel. This is.
evidenced in the presentation in figure 10 of t~ical pressure distribu–
tions which were based on press&es measured during run 15.

Pulled-u@ ow re~ion of forebody tivolved.- In two exlxmme cases
the trim and displacement were such that the pulled+z@mw regim was
tnvolved before peak load was reached. The imnersion of the bow has
two distinct effects on the total load. Because of the pilledflp sectim,
the actual.wetted length in the plane of the water surface efter the
water ltie reaches the bow region is less than that which would be
obtained if the hdl were completely primatic emd the keel continued
forward tidefinitely in a straight line. ‘Zhisreduction in wetted
length would tend to make the load after bow immersion somewhat less
than that predicted by the theory for a prismatic form. This reduction
is, however, scmewhat offset by the increased local trim of the bow
regicm so that the load would tend to be increased.

These impacts are represented in figure 8 by the triangles,and
their time histories are shown in figures 9(d) end 9(f). h these
impacts the experimental peak load was less than the ccmrputedload.
h run 22, which is presented in figure 9(d), the effect of the puXled–
up bow in reducing the peak load is tidicated as the curved-ch~~e
region d$d not beccme appreciably involved until after time of peak
load.

.
—.—— —.. ,. . .. -——— --- — .——...—— —.— - - ——. - . . ...— ——-—- -— .— - -—



10 MAcA m Nor 1’781

Effect of Angular Rotation dura liupact
J

The step of the airplane used in the tests was located about 30 inches
aft of the center of gravity so that the reaction remdned aft of the
center of gratity until a forebody wetted length of about 90 inches was
reached, since the center of pressure is approximately me+hird of the
wetted 1* forward.of the step. (See reference ~.) The Went at
which the Totit of application of the force reaction was under the center
of gatity is indicated a the abscissa of figure 9 by the letter E.
Because of the locatioa of the step relative to the center of gravity of
the airplane, the drplene rotated downward after water contact.

Downward rotation caused a reduction in load h the early part of
the @act (before the ckln~l.are region became imhem!ed) because of the
decrease h trim which results in smaller water loads, but there was no
correspmdhg reductiqn in marbmnn load. 5e effect of rotation was
mmt noticeable h hijjh+rti impacts ti which the afterbody contacted
the water before the forebcdy, so that high engulsr di.~ velocities
were Tresent at the time of forebody ccmtact. There was a reductim -
load in the early part of such an impact as coqmred to an hqact which
haQ noiyer velocity, as cen be seen frm a cmparis~ of fi@res 9($)

. The reduction in load during the -Q * of me @Wet .
permitted the hu31 to hmerse more deeply than if the airplane had
remained at fixed trim, and so the chine flare was immersed at a vertical
velocity only slightly less than the initial value. !DliSfact 3.s
evidenced h the nearly linear displacement curves of figure 9 up to
Y= YA (tie pofit at which the water pile+zp reaohed the curved~hine
area). As a result of the M@ vertical velocities which existed when
the water surface reached the chine-flare region tith its lower dead
rise, high 10C~ pressm=w were att-ea ~ me re@~ of ~erse
curvature eml the measwed maxhum loads were always greater than the
loads computed for fixed-trti impacts on the basis of a.strai@&side
V+hape cross sectim. ‘lb&3result was obtaiued regmdless of the
relative magnitude of the pitching velocity at the t- of fomebody
impact.

It cen be detemdned fmn figure 8 and the data of tables T and VI
that the two squeres with flags that lie closest to the caquted curve
are those for the @acts having the hi@est @ar rotatia, approrL–
mate- 16 radians per second, that those lying the farthest from the line of
calculated values have angular velocities of between 8 end H radians
per second, and t~t the r~ points lie in between the two l.bits. I&
all cqtations the trti at time of forebdy cautact was used. ~

.

the tr~ at t- of ~ load were used in camputing the ~ .
load factor, it is seen by the two typical transposed potits in figure 8
that the points representing iqacts with hi@hest angular rotation
(the points rewesent= by sqxzres with flags closeti to the theoretical
curve ) move closer to the dashed Mne drawn through the sgpares that
reuresent hmacts b- 1-M. ~ ro~ti~ ~ ~ch tie ~h ‘Ws
not change a~eciabl.y ~efore ~ load is
grmp of potits l.@q farthest from the curve
the curve.

.
.;, -:.’,.“----. ...-.

reached, whereas the
moves even farther frcm

.
:..



NACA TN No. i@l 11

The accuracy of the test data and the limited ntier of runs
available are not sufficient to permit the experimental determination
of the relatimship between the magnitude of the angular velocity and
the maximum load.

.

Measured Water Pil&Up

The effective wetted width which occurs in a transverse plane is
given by the impact equations as follows:

l-c 13- ~
2c=—

cot p

~ this equation is used for predicting pil~p for sm smgl.eof dead
. rise of 20°, the growth in beam amd the corresponding growth in depth

due to piled+p water is found to be 27 percent. As observed in table VZI.,
which presents actual measured pile+ups, the average measured wetted

. width was of the order of 40 percent greater than the be@n in the level
water surfaoe on the part of the plating ham an angle of dead rise
of 20°. The accuracy of measurements h a flight test does not permit
my exact determination of the effect of pile-up on the total load, so
that the value 40 percent has no known relationship with total load but
has been presented since such information is useful in defhing the
plating upon which a given load acts. The pile-up.on the curved-cMne
regim with its lower smgl.esof dead rise would be expected to be
greater then 40 percent. However, as seen in table VII, the pile+zp
at the time the water line passes the chtne is also about kO percent.
The significance of this is not clear singe the actual behavior of the
water line between-the thne it passed gage 16, which was on the outer
edge of the V+hape portion of the hull, and the time it reached the
chine cotid not be detezmlned since no pressure gages were placed h
that region. 5e apparmt water ltie near the ctie as detemnhed by
the peak pressure cm gage 17 may have been affected by the discontinuity
at the chine and the accampa@ng end losses which would affect the
pile+p at the chine.

Effect of Wing Lift
.

.

M table VI it is noted that for a ma~ority of the Impacts the
float is actually accelerat~ downward at t~ of water contact so “
that the apparent lift on the wtng itias low as two-thirds of the weight
of the aircrsft.’ No slgnificsmce has been attached to this fact with
regard to resultant load variatim since the effects of chtie flsre and
rotatim in pitch upon the load appear to be the came regardless of
the amount of wing Uft at contact.

.—. -.-—. ,____ —— . ...%= ——. . . . –—. .,- --- , ,..
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1. The experimental maximum 10adS ol)tainedin iqmcts which
involved only the V~ye porticm of the forebo@ and in whidh the
aircraft experienced little change in trim were in good agreement with
computed values obtained from the applicaticm of general hydrodynamic
theory.

2. Experimental time histories of loads and displacements for
those parts of the impacts in which @ the Fshape partion of the
forebody was involved were in reasonable agreament with theory for all
impacts except those in which M.@ initial angular velocities were
present at time of water crmtact such as in foreboilyimpacts following
an initial contact of the @erbody.

free
were
take
near

3. ti the inrpacts in which the forebody chine was -rsed in the
water surface at time of yeak load, the experimental.peak loads
about 60 yercent Qjher than the campwted values which did not
into consideration the effect of the gradual transverse curvabe
the chines.

4. Ih impacts in which the nonprismatic+mw region was involved
before peak load was reached, the experimental mzdmum load was less
than the ccnnputedload.

.

.>

5. Downwardrotation caused the f 01.lq effects:

(a) Reduction in load dining the early pert of en iqact but
no corresponding reductiun in the ~ load.

(b) me reductian in load &@ the early stages resulted
in a greater ~enetiation of the hull and delayed the reducti~ of
the vertical velocity of the aircraft so that the chine flare waa
inrnersed at a vertical velocity cmly s?.ightly less than the initial
value. This resulted in high local pressures in the region of
~erse curvature, so that the ~ ~asured loads were
greater than the caqutea loads.

6. llhuitations in the test data did not permit the exper-tal
dete~tion of the relatitip between the _tude of the angular
velocity end the ~ load.

7. No signific-e has been attached, tith regard to resultant loa
variati~, to the fact that the wing lift was as low as two-thirds the
weight hi some i?apacts since the effects of cm flare end rotation ti
pitch upon the load appear to be the sszue regardless of the amouut of
wing Hi% ,at contact.

8. me measured wetted width was appro-tely 40 ~ercent greater
then the beam in the plane of level water.

.— .-—- .—. - - -<—. .,
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CON.!IJIDING REMARKS

~ additicm to chine flare end enguler rotatim, there are many
other factors @at may affect the ove~ load, including elasticity
effects, sustained pressures on srea behind the intersection of the
chine with the water (this is neglected in impact theory), and.the
effect of variation of wing lift during impact. Nevertheless, when
the flight conditions correspond to those for which
neglects these factors was developed, the agreemaut
mental and calculated results appears good.

the theory that

between experi–

Iangley Aeronautical Laboratq
Natfonal Advisory C!onnnittee for Aeronautics

Lu@ey F2eld, Ta., SeptWer 14, 1948

.
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APPENDIX A

PROCEDURE FOR (JBl!KU%UIG31?ITUG VERTICAL VELocm

With the aid of the film record, measurements normal and parelllel
to the forebdy keel line were made of the distsnce from the point of
intersection of the rod with the water surface to a reference cross on
the side of the flying lost as shown in the sketch:

lal@ I
P e

1 R+-––– ––1 ‘-–

lx

I b,xt

6<

%_—. —.
–s–—– – ———

0

,

where

a= 1.1 feet

b = 1.35 feet -

reference point

point of step

keel reference line ‘
.

distances measured normel and parallel to keel reference
line, respectively

intersection of rod with water surface

me ~EL8U3?d ~ue8 x“ and ~ are then refereed to the point of

the step, so that, as shown in the following sketch,

~=xR+l.1

ZS = ZR -1.35

(1)

(2)

. ~. . . ... --.”...iv?. . . ,. . --,-.”,.. :“-”’. -
. . .. ...’’-..
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a

I

/ R+
I

~< .’

oriZ@t~ water
reference line

The time history of the actual displacement of the step normal to
the water surface yg before contact of the step with the water may be
obtained from the measured time history of the trim stice

ys=~SiJl T+~C08T (3)

3X the Ylying boat maintained cmmtant tmti before contact, the
resultant displacement as obtained from the camera record was usually

. linear as sh&n in the following sketch:

m..

2 \A
\

\
\O

%._ ..M”
\

\

260 270 280 290 —.8 —.4 0 .4

Framenuuiber !l?@ after”contact, seconds

Jn this case the vertical velocity at conta&, hich is the slope of’
the line OA, could be dete=ed with reasonable ticuracy, within

● 5 percent,. The - dashed. line is the displacement after contact
with the water which was obt~d frm the time histories of the wetted

, length antitrim.

However, for a
craft changed trti,

>

second impact, a flared landing in which the - “
the resultant Misplacement was nonlinear:

.
.. . . . .. . . . .—— ---- .— -- .-. .—- -—. ——-—— .——.--- ——-——--- --———---—— —-——-- ————-—- -

.,,
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Q

{ I 1 I -Q
160 170 180 190 -.

‘?

\

8 -* 4 0 .4

Freme mluiber !I’im3after contaotf seoond6

A mean tangent QA ma drawn to the curve~ representing displ.aoemsnt
before end after contact. ~ thie case, the verticel velooity at contaot
was rather difficult to determine and so the aocuracy was d? the order
@ tiO peroent. .-

~duf)8 d XR ~ ~ f@ = ~ e~~tf~ (1) d (2} were r~d

. frcan the curve~j shown as daahed lines h the preceding time histories,
that were faired thrOu& the experimental data. The scatter in the
experimental data red.ted frcnn the presence of ripples ~ the f3urface
of the water. The resultant &Mplao_t before contaot of the step wtth
the water, olta-d by udng equation [3), is indicated by the solld-
line portion of the curves in the the Mf3tories and ta aotually a
faired value.

●

✎

.
. ..— -— .. . .- ~——.- ,- ,------ ———, —: - ,., -. .- —-

1 ..- :,, ...,
. . . . ., ,.’ .L
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APPENDIXB

D~ON OF WA!I!ER

In order to defti the draft yA at
the curved+hine region end the draft yn

PILIHJP

which tie water line reached
at which it passed the chine,

the transverse water pile+q was dete~ed for a number of impacts.
The coqarison of the ttl.stance below level water with the actual wetted
depth was made for a transverse plene I&t which was 31..6 inches
forward of the step end the behavior of the water ltie in the transverse
plane at the step was assumed to be similar.

●

me oross section of the plane IL* and the locaticm of the gages
that were mounted at the edge of the V-shape portion of the forebody
and at the chine are shown in the folluvdng figure:

(YA– yF)/cos T - Cos T

Four &biitional pressure gages were mounted ‘inthis plane at the locatims
specified h table JICC. The pressure gages recorded the average pressure
acting on a circular area 1 inch in diameter. The high pressures that
exe associated with the water line clearly identified the travel of the
water in the specified plane and along the keel. Plots were made of the
wetted beam and the wetted length against time and values were read frmu
each curve at the time that gages 16 and 17 were loaded. The actual
tid%s yA ~ yD were obtained by nmltiplying the wetted length 2

by the corresponding values of sin T. ‘I!hepil~ps then became available
as the ratios of the wetted depths zA cos T and ZD COS T to the

co~espo~g ticr~ts of &fit yA – yF ti y~ – yF.

.- —------ --- —-. .— ----- —-—— —.. - —-,———— --. —.— — —.-—....———— -—... .,, ,.,-, ,.
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The detemdnatim of tie pile=up frcm the time history of the wetted
length is given for run 18 for which ~ = 6.5°:

.1 .2 .3 .4 .5 .6

!Mxae,eecanda
..

c s 29 maM3

therefme

.

.

yA = 10.8 inches

Wnce yF =~.6f3h T= 3.6inches, and zA = 10.1 inches,
.’

‘AcOBT =140.
7A - Y-F

me pile-up that occure when gage 17 is imersed can be determined
by the seineprocess where ZD is equal to 14 inches.

‘Iherelationship between the wetted
as followe:

beem snd.the wetted depth is

-— . ..— ———--— .——- ...-— -. ..= .—- ——. — — -=.—— .,.. . . .. -—-———,.:.- ,..’,’..’!.. .. ..
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Y~ – Y~

b Cos T

2-‘- tenp

therefore

c ‘ ~A COE T

~=7A-7F

.

1. -O, Wilbur L.: Analysis and Modification of !Ilheoryfor -t of
Seaplen.eson Water. NACA Rep. Ho. 810, 1945.

2. Milwitz@, Ben@@l: A Generalized ‘J?heoretic&land &perimental
~vestigation of the Motions and.Hydrodynamic Ioade I@erienced
by V-ottom Seaplanes during Step-Iandhg -ta. NACA !J2R
NO. 1516,1948. .

3. Milwitzky, Ben@nin: A !I!heoreticalllwesti~ticm of H@rodynemic
-t M on Scdd-opedqottcm Seaplanes end Cmparisme tith
Experiment. NACA !tWHO. 1363, lgk7.

k. Benscoter~ Stanley U.: Impact !l?heoryfor Seaplane IanMngs. HACA TN
No. 1437, 1947.

5.Mil.witzky, Ben@mln: A Generalized Kl?heoreticellIn.vestigaticmof the
, Hydrodynamic FitcMng Mcments Experienced by .Vqottom Seaplanes
during ste~lknddng I@act and Comparisons with Ikperiment.
NACA TN NO. 1630, 1948. 3

.

. . .. .—. . ——..— ., __. . ,_____ ____ _.___-F — —..—— ----.—— ~ .-— —_ .-.—.. ..—. . . .-,
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TABIJI I

ABOUT IECYII?GBOAT UEED

wei#lt, polRlas. . . .“. ●

Approximate fl@ng weight du~ tests,
ShlXng speed (flaps down), hots .
Wingspan, feet . . . . . . . . . . .
Wingroot chard, feet . ..o . . . .
Mean aerodynamic bhord, feet . . . .
Wi.ngerea, square feet . . . . . . .
Center-of~avity positia,

percent mean aerodynamic chord . .
feet frcrnbw. . . . . . . . . .

BeamofhuJl, feet . . . . . . . . .
Distance from main step to bow, feet
Moment of inertia, sl~feet square .
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19,000
20,000

56
86

11.5
9.8

780.6

1%::
8.33

21.25
48,137

.

.

.

.. -—. ———-. .—,-. —.-–... –=,’,”.. ,,
..- ..

,.. - -.,,....,.-. . . ., ,’,”

.,

——



I
I

i

TABLE II

smcmIo I#AmmioFIm!mMmm

[s.. fi~e 3]

kdrum9nt u-w
Iaoatim in airplem

(Referred to O.g. or pint of s-hp)

1 EAOA Optio.d%wawng ~~ ~o Olelwnek’ 6 h. fsnma, 3 h. hdm, 8 m. -k st.mbasxdm e.g.

2 IiMb.zotfvwtme aooelemmmter 4 in. fmvwsi, 3 in. bekw, 6 in. to titmrd fran e.g.

3 QToscopio trim reomdm U In. dt, 60 h. belowJ 20 h. to pd frcm e.g.

b HAcA drspeed reoorder 185 Ill. mc’vsrd of s-&p, a top of fllsdags cm Oentm

llne

5 NAOA Optioal trim reoord.er 190 h. rorwsrd.of step,m topof fuselage, 3 h. b
hbd of O@l% l.iIM .

6 wing mimer?. 30 In. f~, l& In.ah-, @ In.to ti~oard o?
petitof ~

7 Vertid+ ~t moator Pivot13.2 in. *, 4.4 in. above, 4 h. to ~ of

yin-k of E&p

8 Watm-epeed preeem-a gage lsinof~,daselto keel,llti. ti*
btiofpolntof~

9 Press-ore gages (f% table m.)

10 Water-omteat indloator (forebo&) Point of step
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‘mlYLE m

PRmmm-aa LuwmKms

lSee fi~e 3; all measurements are made to
tie center of the pressure gage]

1

‘5
4
5
6
7
8
9
10
II
19
13
14
15
16
17
18
K?
20
21
22

Longitudinal
distance forward

fkom step
(in.)

(a)

215.o
188.0
162.8
149.8
122.4
92*5

E:;

. a;
58.6

–131.0
–176. o

Normal
distance
from

base line
(tn.)

6.4
2.3
.7

:;

5:2
11.7
13.8

:;
.5

2.2
4.0
5.8
9.9
13.8

●5

1;::
22.9
29.2

Tmnsverse
distance
from keel
center line

(in.)

2.5
2.2
2.2
2.2
2.2
2.4
17.0

g:;
2.2
2.2
2.5
7.2 -
12.o
17.0
28.5
43.2

2.2
2.2
2.2
2.2
2.2

%tep referenoe is 255 inches from baw. All longitu~
tiasurements made parallel to base line, which is shown
h fi-e 2. T

.

.— .. . ...,., ..,- ---.. -.,> . .
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IIAmR-cmm uxx!rmm

[See fl~e 5]

-~
distanue f’mward Wrm91 di*e Tremsverse

contact fram step from base line distsnoe frcu.n
(in.) (in.) keel centerline

(a)
(In.)

1 239.0 15.2 12. o
2 230.5 15.2 u.8

210.o 19.1 22.5
z 198.0 6.0
5 187.5 1?:; 35.2
6 X32.5 14.4 25.5
7 175.2 2.7 6.5
8 19.0 9*9 22.5
9 139.0 2.2 7.5
10 126.5 8.0 22.5
Xl u6.2 2.2
12 1.L2.o 13.2 3;:;-
13 93.5 2*2 7.5
14 93.5 7=7 22.5
15 75*5 2*2 7.5
16 73.5 7*7 22.5
17 54.5 .2.2 7*5
~8 52.5 7.7 22.5
19 45.5 7.7 22.5
20 38.2
ZLl 29.5 1;:; 4;:Z
22 24.8 7=7 22.5
23 17.4 2.2 ‘ 7.5
24 2.5 2.0 8.8
25 2.5 8.4 24.5
26 +.5 6.5 7.5
27 -17.3 14.1 22.5
28 +4.7 10.0 7.5
29 40.5 17.4 ‘ 22.5
30 48.5 13.0 7.5
3 -66.3 21.o 22.5
32 –74.2 16.6 7.5
33 +.0 24.6 22.5
34 -100.0 20.2 7*5
35 -.9 ●o 27.9 22.5
36 -3.28.0 23.6 7.5

-142.0 29.1 23.0
;; -151.0 26.1 6.8
39 -170.0 28.1 2.8

aStepreferenceis 255 inchesfrombow. All longitudinalmeasurements
made Pars21elto base line,which is shownin figure2.

=s=

23
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1
2

:

5
6
7
8
9

10
n
12
13
14
15
16
17
~8
19
20
21
22
23
24
25
Z6
27
Z8
29
30
31-
32

‘o
(deg)

3.6
;.;
.

;:;
7.4
7.6
;.:

8:4
5.2
5.4
;.~

●

2::
6.4
7.4

;:;
8.1

R
9*9
.0.0
.0.1
.O.1
.0.1
.0.7
.0.8
.0.9
1.4

V+O

ft/Eec

1.1
1.4
7.5
1.2

.9
1.0
1.3
2..0
1.4

::;
4.0

::;
4.6
3.25
3.25
6.5

::2
3.25
9.1
7*5
3.23
4.1
1.9
2.8
3:0
2.9
2.4
2.9
4.0

mc.A TN No. 1781

1

TABLE v

IAIIDIKG CONDJZ’IONS

Vqo

(ft/t3ec)

126
106
83
l@
ILO
IL3

lcyj
95
103
99
106

:;
95
ILO
89
102
96
94
82
98

~
4

7:
94

g
93
80

g

a)

?:deg sec)

L

-0.7
-1.7
-9.2

;::
1.2

2:;
–1.7

2.6
-3*5

:.7
+.8
4.9

0
–1.1
4.2
4.4
-2.6
–3.0
-6.0
+.0

–13 .0
-.6.0

-8.0
+.0

–22.9
–13. o

4.0
–ll. o
–15 .8

wingm
at contact

(g)

1.0
1.0
.8

1.0
1.0
1.0
1.0
.8

1.0
1.0
.7

1.0
.8
●7
.8
●9
.8
.9
.8

:?
.8
.8
.8
●7
.9

:;
1.0
.8
.8
.9

Air eed
(ft~ec)

326
119
98
123

120
SL9
114

117
103
125

95
98
I_26
103

, 108
104
103
97

101
ml
98
no
103

llo
98
103
101

Iarpact

%egative values mcate decreas~ tia; positive vedxes
‘indicate @reas@ trim.

v

..- ,.. -+ —. . . .. .
.,, ... .:. . .,-. -,

.

.—.—

2
2
3
1
1
1
1
2
1
1
2
1
2
3
2
1
2
1
2
2
3
2
2
2
2
1
2
2
1
3
2
2
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. .

1

2

:

5
6
7
8
9
10
u
E
13
14

&
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32

TABLE VI

VARIABLES USED IN COMPUTING TEEomcIc.AL coEFJ?rcImE3

‘o
(deg)

3.6
~.;

7:1

;:;
7.6

i::
8.4
5:2
5.4
597
6.0
6.0

:?
7.4
7.5
7.8
8.1

;:;
9.9
10.0
10.1
10.1
10.1
10.7
10.8
10.9
ILok

vTo

(ft/sec )

1.1
1.4
7*5
1.2
.9

1.0
1.3
2.0
1.4
2.1 \
4.0
4.0

H
4.5
3.25
3.25
6.5

2:;
3.25
9.1
7.5
3.25
4.1
1.9
2.8
3.0
2.9,
2.4
2.9
4.0

0.50

4:2
.68
.47
.51
.66

1.10
.85

1.41
2.31
2.16
2.23
3.10
2.77
1.69
2.09
3.64
2.09
3.83.
2.27
5.30
4.56
2.33
2.97
1.15
1.76
1.92
1.79
1.71.
1.89
2.57

K

7.18
7955
1.18
8.77
15.14
14.33
LI.36
6.92

%
2.23
2*48
2.53
1.91
2.14
3.63
3.02
1.99
3*53
1.99
3.50
.57

1.23
,4.32
3.27
8.72
5*59
5.12
~.g

5:59
4.28

0.16
.215

1.46
.184
.13
.15
.25
.40
.27
.34

1.03
●93
.93

1.21
1.16
.93-
.98

1.80

;:s
.96

l.~
1.61
.91
.92
.68

1.17
l.~
.94
.84

1.08
.90

‘2
(deg)

?:;
5.2
7.1
7.7
793
7.8
8.9
9.2
10.0
5.1

z:?
6.0
5.7
7*5
7*3

;::
7*3
7.0
2.8
5.2
6.3
5*5
7.1
7=5

::;
6.4
6.9
6.3

Syuibols as
represented
in fi~e 8

0

.0

. —- ._-. ——.———.-. —._. --- -.———— ..— ,-.—------- ---.—-——— —.—.
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1

.
‘1

,
,. i

Run

water line passes gage 16 Water llne pames -e 17

(i?) (;. )
.:
,:f

T

~deg) (2)
CA COS T

~A - y~

1.42
1.45
1.45
1.40
1.41
1.47
1.40
1.45
1.40
1.46
1.37

(:. )

1.65
-----

135
115
U8
m
216
139

-----
-----

=8

(d~g)

4.6
-----

5.5
7.3
7.1
7.0

;::
-----
-----

6.6

(5)

2.5
----.

::;
3.9
3.9
1.7
2.9

-----
-----

3.6

(i?)
2.8
3.0
3.0

x
4.0
1.5
2.9
4.1

z::

3
M
15
18
20
21
22
23
27
29
32

5.0

5.5
5.4
6.5

7.5
7.2
2.7
5.2

::;
7.2

U4
104
K%

z
&
184
109

8
90

9.9
10.0,
10.0
10.8
U-.2

10.8
8.7

9.9
XL.3
10.7
11.3

13.2
-----

13.0
14.6
14.6
13.7
11.7
K’.8

-----
-----

13.6

1.30
------- -

1.40
log
1.30.
1.42
1.40
1.41

------ --
--------

1,40

.1

I

‘1

I

.

,
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Figure 1.- Am.phlbian-type flying Mat used inlandingInvestigation.
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F&lire 2.- Hulll~es offlyhgboatused infflghttests.
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1. NACA optlcsl-recordhg

.

three-component accelerometer 6. wing camera

2. Inductive-type accelerometer 7, Vertical@placement indicator

9. Gyroscopic trim recorder 8. Water-spa&i presaura gage

4. NACA airspeed recorder 9. Pressure gages

5. NACA optical trim recorder 10. Wat8r-contact Micator (iorebcdy)

Figure S.- Location of Instrument in flying Mat.
E

ii

●



3.

(a) Water-speed pressure gage.

(c) Gyroscopictnimrecorder.

(b) NACA airspeed recorder and
NACA OPtiC& trim

recorder.

(d) Wing camera.

Figure4.- Installationofinstrumentsinflyinghat.

v
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(e) Vertical-d@placementindicator.

- 33

(f) NACA optical -recoru three%oqonent
accelerometer A and inductiv~e

accelerometer B .

~gure 4.- concluded. T
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Figure 5,- kmation of pressure gages and watir cent.acb in hull bdtom

{
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Figure 6.- lhst.a.llation of amplifying and recording equipment in the main
cabin.
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(9

6

4

z

o

Time coefflcjeof,

Figue 7.- Theoretical variation of load factor and draft with time.
(Reproduced from figures 6 and 8 given in reference 2.)
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Run 1: Vvo = 1.1 feet per second; (b)

V~ = 126 feet per !xzond; to. = 4.7

degrees per second.

I
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Run 3: Vvo = 7’.5feet per second;

v~ = 83 feet per Becond; ~ = -9.2

degrees per secofi.

Figure 9.- Comparison of experimental and computed’ trims, loads, @ displacement The
followfmz notation is used: A, water pile-up reaches curved-dine region; B, pulled -ti-hw
region e~ters water; C, level ‘water passes chine; D, water .pUe-up reaches ctie; E, wint
of application of force reaction is under center of gravib.
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(c) Run 21: Vvo - 3,25 feet per seood; , (d) Run 22: VVA = 9.1 feet per second; !?

%
= 82 feet per second; ~ = -3.0

- 98 f~et per secomi; W. = -6.0
degrees per secomi.
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Figure 9.- continued.
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Run 15: Vv = 4,1 feet per secoml; (f) Run 23 Vvo M 7.6 feetper second;
o

Vh = 95 feet per second; ho = -4,9
‘%

- 94 feet per second; U. = -5.0

de~ees per second. degrees per second.

Figure 9.- Conthmed,



./

I

.

I

—— —._ _

EOr r 1

/.5- -

/.0 -

.3 -

0 J .2 .3 .4
?irne , wc

o
t.~

,1 ..? .3 .+
. ?7mff ,. SQC

(f3) Run 18: v u 6,5 feet per

‘o

‘b
- 102 feet per second;

degrees per second.

Swond; (h) Run 29: Vvo ==6.3 feetper second;

% = -4.2 V~ = 94 feet per second; W. = -2.6

degrees per second.

Flgwre 9.- Con&NIed.
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degrees per secoml.

Figure 9.- Continued.
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‘R~ 29: %. = 2.9 feet per s~ond;

v~ = 93 feet per second; ~ - -13.0

degrees per second.
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(k) Run .27’:VVO -2.8 fed per second; (J) Run 32: Vvo = 4.0 feet per. secorxl;

Vh - 91 feet per second; w. - -9,0 v~ = 89 feet per second; W. = -15,8

de~ees per second. degrees per second.

Figure 9.- Concluded.
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l?igure 1o.- Pressure distribution on hull lxttom during run 15.
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